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T h o  3 R C I  1x1,s r e c e n t l y  ur?dertcken c11 e x t e n s i v e  i n v e s t i -  
g a t i o n .  f o r  t h e  surpose o f  Cevs lop ing  lateral-control de-  
vices pr i rn r r i l y  f o r  use with full-span t r a i l i n g- e d g e  h i g h-  
l i f t  devices. I n  ti13 p r e s e n t  Zavestigction s?. s p o i l e r - s l o t  
2 
a i l e r o n  hns been d-eveloped f o r  use on n wcng v i t h  n f u l l -  
span  s l o t t e d  f l a p ,  S e v e r a l  d i f f e r e c t  b a s i c  shapes  o f  t h e  
, - . . i lc ron v e r e  t e s t e d  r t  :t s i n g l e  a n g l e  o f  nt tnclr .  02 ca air-  
f o i l  w i t h  n E l c p  neu-trrl l  2nd def loc teed  40'; and so1:1o p r -  
rnngemcnts  o f  t h e  d e v i c e  were t e s t e d  at several a n  les o f  
a t t a c k  w i t h  t h e  f l a p  n e u t r a l  axd d e f l e c t e d  20°, 30 a n d  
40'. S t a t t c  r o l l i n g ,  yawing, and  h i n g e  moncnts weTe d e t e r-  
mined-. Lag t e s t s  J.iere n o t  c o n s i d e r e d  n e c e s s a r y  because  
p r e v i o u s  t e s t s  o f  siIili1ar d-eyrices ( r e f e r e n c e  1) i n d - i c s t e d  
t ha t  t h e  l a g  \dl1 probably be a c c e p t a b l e  when t h e  c ' av ices  
arc lacnted .  r e l a t i v e l y  n e a r  t h e  t r a i l i n g  edge o f  t h e  air-  
f o i l  , 
fi 
A11 t e s t s  were made i n  t > e  BXCA 7 -  by L O- f o o t  c l o s e d -  
t h r o a t  i.iina tv.miiel ( s e e  r e f e r e n c e s  1 and! 2 )  2.t an  a i r  speed  
o f  a b o z i t  40 :,zllcs p e r  L7-ousH c o r r e s p o n d i n g  50 s.n e f f e c t i v e  
R c y r o l d s  nusbctr o f  a p p r o x i m a t e l y  ';WO r i i , l i o n s .  The t e s t  
s e t- up  i s  sliovn s c b e n a t i c a 2 l g  i;? f i g u r e  2 ,  The a i l e r o n  
was i n s t a Z L e d  i n  t h e  ow-ter O,Z? IO/? o f  a 4- by B-foot 
XACA 25022  a l r f o i i  with a 0 , 2 5 6 6 ~  f u l l U r ; p a n  s l o t t e d .  f l a p ,  
The s lo t t ed -P la l2  i n s t a l l a t i o n  w a s  t h e  i n s t a l l a t i o n  d e s l g -  
n a t e d  2-1?_ i n  Yei'ercnce 2 arid t h e  f1e.p wss o y e r a t e d  a l o n g  
t h e  recormended os?tilzv.ii p a t h ,  One a i l e r o n  z r r e n Z e m n t  was 
t e s t e d .  ~ 5 t h  ;3, 0 . 2 0 ~  f u l l - s p a l l  s p l i t  f l a p  d e Z l e c t c d  60' .  
The a i r f o i l  was suspended a o r i z o a t s l l y  i n  t h e  wind. t u n n e l  
wit ' r ,  t 4 r D  i n b o a r d  end- a t t a c h e d  t o  t h e  t u n n e l  val1  s o  a s  t o  
s inula tc  t h e  s e n i  snan  o f  EL 16-f o 3 t  vfn?;. The attachj11a:it 
a t  t h e  t u n n e l  wall r e s t r a i n e d -  t h o  r- i rfoi .1  i n  > i t c h  $ut n o t  
i n  r o l l  c r  yav0  The f o r c e s  r ccessn , ry  3 0  r e s t r a i n  t h o  0w.t- 
board 2nfL o f  t h e  s i r f o i l  were d e t e r n i n e d  by nezns o f  t h e  
regulz , r  b a l a n c e  sys tem.  The l i f t  o f  the a i r f o i l  w i t h  t h e  
a i l e r o n  neutyral was c o n ~ u t e c l  f r o 2  t h e  v e r t i c e l  outboar l l  r e-  
a c t i o n  and t h e  a s s u x p t i o n  t h a t  t L e  l a t e r a l  c e n t e r  of pres- 
s u r e  o f  t h e  s e a i s p a n  v a s  0,45 % / %  Zrom the ? l a n e  o f  syime- 
t r y ,  !?he r o l l i n g  aomeiit was comptrted. f r a n  t h e  d i i ' f c r c n c e  
betweeu t h o  vertical r e a c t i o n s  at t h e  o u t b o a r d  end o f  t h e  
a i r f o i l  w i t h  t h e  a i l e r o n  n e u t r a l  and de f l ec tec2 ;  t h e  y a v i n g  
moncnt v a s  c?otcrminc? s i n i l a r l y  f r o a  'chc h o r i z o n t a l  Y C ~ X C -  
t i o n s ,  
The a i l e r o n  VTITSS namzally o 2 e r n t e d  by means or" a c r a n k  
o u t s i d e  t h e  t u n n e l  wall nea r  t h c  inboard- end o f  t h e  model.. 
Thc a i l e r o n  h i n g e  l a o m e a t s  were d o t o r n i n o d  'oy rnczns o f  r? 
cal ibra tcc2 .  t o r g - i l c  ro8- c o c n c c t i n g  t h e  a i l e r o n  and- t h e  c rank .  
3 
a 
T h o  p lug- typo n i l c r o n  i s  c s s s n t i a 1 l . y  a t n p e r o d  p lug  
t h a t  f i % s  i .nto a s l o t  t h r o u g h  t h e  wing s o  a s  t o  conform t o  
t h e  o r i g l n a l  c x t e r n a l  wing c o n t o u r  when i n  t h e  n e u t r a l  po-  
s i t i o n ,  Vhes d - e f l e c t s d ,  t h e  p l u g  p r o j e c t s  from t h e  upper  
s u r f s c e  o f  t h e  wing as  a s p o i l e r ,  at  t h e  same t ime Leaving  
a s l o t  t h r o u c h  t h e  wing behinCl t h e  s p o i l e r .  The t w o  a i l e r -  
on a r r a n g e m e n t s  m o s t  c o m p l e t e l y  t e s t e d  a r e  shown i n  f i g u r e  
2. S k e t c h e s  o f  o t h e r  a r r n n g e a e n t  s, which were p f e l i m i n a r y  
s t e p s  i n  t h e  development  o f  t h o s e  slio~un i n  f i g u r e  2 ,  are 
g i v e n  i n  t h e  f i g u r e s  t h a t  p r c s e n t  t k x  t e s t  r e s u l t s .  
RXSULTS APTD DISCUSSIOB 
I n  the p r e s e n t a t i o n  o f  r e s u l t s ,  t b e  f o l l o w i n g  s p ~ b o l s  
arc: u s e d :  
rolI . ing-noment c o o f f i c i c n t  ( L I / ~ ~ s )  
yawing-aoEent co cfi ' i  ci  e n %  ( X I  / q b S )  
s t i c L  d e f l e c t i o n  
a i l  c r  on 6 e f l o  c t i  on 
s t i c k  f o r c e  i n  pounds 
a i l e r o n  h i n g e  uomcn t ,  inch- pounds at 40 m i l e s  
p c r  hour 
a i r f o i l  chord  
t w i c e  t h o  l i f t  on t k e  h a l f- s p a n  m o d e l  
t w i c o  t h e  a r e a  o f  t h c  h a l f- s p a n  model 
twico  t h e  span of t l ic  h a l f- s g a n  modo1 
r o l l i n g  moncnt about  wind- a x i s  
Tawing moment abou t  wind axis 
dynarric p r e s s u r e  of  air s t r e a n  
u n c o r r o c t c d  angle o $  a t t a c k  
4 
.A p o s i t i v e  value o f  L1 o r  C l . t  c o r r e s p o n d s  t o  a d-c- 
* 
c r e a s e  221 l i f t  on t h e  node1 and  a p o s i t i z ~ c  v a l u e  02 
o r  6,' cor:-esponds t o  a n  i n c r e x s e  i - n  d-rag o a  tho m o d e l ,  a 
A downward d a f l e c t l o n  o f  t h e  a i l e r o n s  i s  co-nsiderod p o s i -  
t i v e ,  as i s  t h e  c a s e  of  c o n v e n t i o n a l  a i i e r o ~ s ,  Tilice t h c  
a c t u a l  l i f t g  a r e a ,  and  span o f  t h o  E o d e l  vc:c usad  i n  t h e  
r e d u c t i o n  o f  r e s u l t s  bcccuse  t h e  r~ iodc l  represents ha19 o f  a 
c o q l e t 2  wing,  as  previously s t a t e & .  Xo c o r r e c t i ' o n s  have 
been madc f o r  t h e  e f f e c t  o f  t h e  t u n n e l  u a l l s  although i t  is 
b e l i e v c d  t h s  c o r r e c t i o n s  may be r a t h e r  large f o r  t h i s  s e t -  
up . 
shape o f  the Flug-tSpo s p o i l e r - s l o t  a i l e r o n  was v a r i e d  
ovcr  a f a i r l y  7-6de range, i n c l u d i n g  s p o t l e s s  vi t . i iout  s l o t s  
( r e t r a c t s t ? l c  a i l e r o n s ) ,  a r e  p r e s e n 5 e a  i n  f i g u r e s  3 t o  6, 
These t e s t s  were m i l e  rri th $he a i r P c i 1  s e t  a t  8' a n g l e  o f  
a t t a c k  an& with t h e  flr? E e u t r c l  rlnd d e f l e c t e d  40'. 
The r e s u l t s  o f  p r c l i n i n x r y  t e s t s  i n  wnich t h o  b a s i c  
8,i J p e n i n p  i n  %'re lower  s u r f f t c e  o f  t h e  a i r l ' o i l  w i thou t  
r slot c o ~ i p l t i t e l y  tt.rox.gh t h e  n L - - ; o i l  (a c o n d i t i o n  trw-e a t  
n i le rov l  d - e f l c c t i o ~ s  beloi:r 54 f o r  t h e  d e v i c e  o f  f i g *  3 )  had  
12ut l .e  e r " fec t  on t h e  r o l l i n g -  o.nd ynwinz-xomcnt c o e f f i -  
c i e z t s ,  ( s e e  f i ~ ,  5 , )  a Z L e r o n  d e f ~ e c t i o n s  above 54 , 
'if;lho;e i, s l o t  . T Z S  ~~vs"uLzLLy opened t h r o u g h  t h e  ; ? , i r fo i . lg  an 
i n c r c z s o  i n  1 - o l l i a g - n o m e n t  c o e f f i c i e n t  was n o t e d - ,  The 
r o l l i n g - s o E e r t  c h n r D c t o r i s t i c s  o f  t h e  d e v i c e s  shovm i n  f i g -  
u r o  5 a+ie c o n s i d - e r e 2  u n s A T w t i s f a c t o r p  because  o f  i n e f f e c -  
t i v e n e s s  a t  l o w  n i l G r o n  d e f l e c t i o n s ,  p a r t i c u l n r l g  w i t h  t h e  
s l o t  t e a  21ap deI" lec te$ .  The ningc-roment c h a r a c t e r i s t i c s  r 
are u - n s t a b l e  ar_c7; t i e r e f o r e  c o n s i d e r e d  u n s a t i s f a c t o r y .  
0 
0 
A s l o t  open throu:;n t h e  - i r f o T l  a t  all n e g a t i v e  (up)  
d e f l e c t i o n s  o f  t h e  a t l e r o n  ca7ised a n a r k e d  i n c r e a s e  i n  t h o  
rol l ing-nomen+, c o e f f i c i e i i t  as shown i n  f i c u r e s  4 ,  5 ,  nad 6 ,  
e s p e c i z l l y  z t  l o w  n l l e r o n  a e f l e c t i o n s  where t h e  s p o i l e r  
a l o n e  i s  s! ow1i t o  be i n e f f e c t i v e ,  I n  a p r e v i o u s  iT.ivesti- 
g a t i o n  o f  sucii s p o i ~ e r s  ( r e f e r e n c e  3 )  t h i s  r e g i o n  o f  i n -  
e f f e c t i v e n e s s  wr?,s n o t  d e t e c t e d  becrLuse t h e  l o w  d e f l e c t i o n  
range was x o t  i n v s s t i g s t e d ,  Zn f i g u r e s  5 an? 6 n v n r i a -  
t i ov l  o f  s i o t  vi6.th from 0.C30c t o  0,015~ w c s  e f f e c t e d  by a 
r e m o v n l  o f  t h o  r e a r  half of  tine plug and a l e n g t h c a i n g  o f  
t h o  l o v e r  rear  l i -p  o f  t h e  slot s o  t h t  ir, sLll  c a s e s  t h e  
s l o t  W D S  c l o s e d  when t h e  a i l e r o n  was c e u t r p , l  o r  d e f l e c t e d  
downt ra r  d ,  The r o l l i i ? _ g -  nnd t 3 e  ;?aving-r2onent c h a r a c t e r  i s- 
t i c s  o f  % L e s e  s p o i l s F - s l o t  c o n b i n a t i o n s  were c o n s i d e r e d  
generzlly s z t i  s f a c t  o r y  but t h e i r  hinge-monent c h a r a c t  e r i s -  
t i c s  L C ~ T  t h e  n c u t r n l  position were n o t ,  The narrowest 
5 
b a s i c  shape  ( s e e  fig, 4) wi?s chosen f o r  f u r t l i e r  develop-  
Gent because  i t  had- t h o  l o w e s t  h i n g e  zioaer,ts and i t s  
r o l 3 - i n z -  m d  ygving-roEent  c h a r a c t e r i s t i c s  were cons id -  
e r e 2  as  s a t i s f a c t o L - p  as t h o s e  of t h e  t h i c k e r  ,rtilei'oiisa 
Soiie d e t a i l e d -  a i l e r o n  a l t e r a t i o n s  that were  m,A-e 
s o l e l y  J o  i s p r o v e  t h e  h inge- nonent  c h a r a c t e r i s f i c s  m e  
sho:rn i n  I ' igure 2 ,  One o f  t k z  ~ o s t  i n p o r t a n t  a l t e r a t i o n s ,  
t w o  SGYTJS o f  vl i ich a r e  shown in f i g x r e  2 $  was t o  grovicte 
a i r  v e n t s  i n  the s l p o i l e y  2:.fth f n l e t  ap?aning;s t h a t  p r o J e c t -  
ed b e l o w  t 3 e  lower  sLrfr;ce o f  t h e  a i r f o i l  when t h e  a i l e r o n  
was d e f l . e c t e d  positively, T i l e  purpose  of  t h e s e  v e n t s  was 
t o  i s c r e a s e  negatively t ' & t 3  5Pxgsc n o n c n t s  o f  t h c  a i l e r o n  
when n-i; p o s i t 5 v e  d e f l c c S i o n s  by incL-oas ing t h e  p r e s s u r e  i n  
t h e  chanbor 3r \hin& %%e s p o i l e r  In o r d e r  t o  i l l c s t r z x t o  
t h e  c f f c c t i v c n o s s  o f  t h e  v e n t s  i n  t h c  r a z g e  bo tvccn  
6, = 5' C i - i i !  8 ,  = 15*, ( i n  which r a n g e  t h e  n o ? - i f i c s t i o n e  
t o  t h e  t 9 1 2  o f  take pil:[; had negTi.gi3l.e e f f e c t s  as skom-i i z i  
f i g ,  7 )  tl;e hin;.e-)iorient c u r v e s  o f  figure 4 r:ny be c o z  ?a?ed  
witli t l iosc  o f  f i g u r e  8,  
L 
The s l o t s  o r  gal-, G t h r o u g h  t h o  t o p  o f  the spoiler 
( f i g .  ~ ( ~ 1 1  were prov ide t~ .  t o  i s i in iv la te  t h e  3ung in t h o  
hinge-r-loicnt cur\-c at ve ry  srnnll  n e g a t i v e  d o f l c c t i o n s .  -a L A
t he  s l o t : :  arc i indc a p p r c c i a b l g  l a r g e r  t h a n  t h o s o  shovn i n  
f i g u r e  2 ,  b o w ~ v c r ,  t h z y  w i l l  d-ccreasc t h a  c f f o c t  ivcncrss 09 
t h e  - , i l c r o n  at  l o w  dcI"1ccxions.  
I n  o r d e r  t o  d e t e r i ? i n c  thi: c f foc i ;  o f   ore q u i c k l y  ex-  
posin;: t h c  v e n t  irhoii t h e  x i l o r o n  i s  Z c f l o c t c d  do;.:.nwtzrt?, 
t h e  plate P ( f i g .  7 ( b ) )  w a s  scaovzsd, Although scmoving 
% C i s  p l a t e  vas cor.s i? .ercd b c n e l i c i a l  t, o %he kingc-no:icnt 
c h a r n c t c r i s t i c s ,  i t  w a s  t h o u G 3 t  best t o  l e a v e  t h c  plate i n  
p l a c e  t o  - tvoid i n c r e a x i r , g  t h e  drne* o f  tl-ia . > . i r l o i ? .  w i t  - t h e  
a i l e r o n  aeutral, 
2 o 11 i s~;-  , ;Tc?ui 2:- I and h i  nge -r oxen t chzr a c t er i s t, i c s 
o f  t h e  c? , i l e roa  n r r a a g e n e n t s  shown i n  i ' igurc 2 are presented ,  
6 
i n  f i g u i - e s  8 rind- 9 ,  I n  g e n e r a l ,  t h e  c h a r a c t e r i s t i c s  o f  
t h e s e  I r r s n g e v e n t  s o f  t h e  pl trg-type s p o i l e r - s l o t  a i l e r o n  
were s i n i l s r  and w o r e  c o n s i d e r e d  s a t i s f a c t o r y  at  3-11 an- 
g l e s  of a t t a c k  arid- f l a p  d e f l e c t i o a s  t e s t e d ,  n,lthou;l-i t h e  
r o l l i n z - n o n e n t  c o e f f i c i e n t  ob t a ined  on t l ie  p l a i n  a i r f o i l  c t  
C L  = - 0 , 8  ifas s ~ i c ~ l l  and t h e  c o r r e s p o n d i n g  hinge-:zorient 
curve  i i l c l i ca te& t l i n t  t h e  sys t e r !  would be ove rbc lnaced .  I t  
shov- ld  be n o t e d  a l s o  % h o t  when t h e  flap vas de f l ec t ed -  40' 
and" t h z  a n g l e  of c t t o c k  was -6 , t h e  r o l l i n Z - n o n e n t  coe f-  
f i c i e n t  w o s  s l i g h t l y  n e g a t i v e  f o r  s r , n l l  r . i l c r o n  d-ef lec-  
t i c tn s ,  T h i s  c h a r a c t e r i s t i c  i s  t hough t  t o  be a c c e p t c b l e  
bec?use  i t  d i d  n o t  occur  r ? t  othoi- f l a p  d e f l e c t i o n s  o r  ~ " n -  
0 
g l d s  o f  3tt2CilI. 
Ncnsurc+r:cnts s h o v e d  t h a t  t h e  iccrernent  o f  drag due t o  
t h e s e  s g o i l e r - s l o t  a i l e r o n s  i?rhen i? t h e  n e u t r a l  p o s i t i o ~  
was v e r y  sxx1.1, a s  v o u - l d  be e - rpec tcd ,  because  t h e y  e n t a i l -  
l i t ? l e  c lepar tn re  S r o n  ",e o r i g i n a l  contour o f  t h e  a i r f o r l ,  
Tl?e ae ro?-ynanic  c h z r z ? c t e r i s t i c s  0 2  z i l e r o n s  o f  t h e  
type d-i scusseA i n  t h i s  -??sper e r e  v e r y  l a r g e l y  LepeizSlert 
upon their c'borctwi s e  loca , t ion  and- 11po-y t l ie  t y p e  o f  t r a i l i E g -  
ed-ze h i g h - l i f t  d-evice euployo.', i i o v c n e i t  o f  tLe  a i l e r o n  
f o r w a r d  i n  t IC v i n q  i s  t1lougii.l; t o  be d e ~ k r i n e l t a l ,  wh.erea.8 a 
rearwarct ~ o v s 7 l e n t  rlay be benof i . c i s1 .  ArraiigcT:el:t A ( s e e  
f i g .  2 ( a ) )  i n  i t s  p r e s e z t  l o c a t i o % ,  ( r e a r  ed-gc l o c a t e ? L  a t  
O,S?c)  was coi&siJ-ere? u n s a t i s f a c t  o r g  wher. usod. iii corlbina- 
t i o n  with a 0,20c f u l l u s p a n  s31it  flap d e f l o c t e d  60' ! s e e  
fi;. 10) SecFtuse o f  i n e f f e c t i v e n e s s  a t  l o w  d e f l e c t i o n s ,  
but i t  might  have been s a t i s f a c t o r ; r  i f  i t  had been l o c a t e d  
f a r t h e r  rearwarc?, a s  i s  p o s s i b l e  ~ 9 t h  such a f l a p  i i istalla- 
t i o n ,  I n  t h i s  con:iect ion,  i t  i s  w e l l  t o  n o t e  t k a t  a re-  
t r a c t a b l e  a i l e r o n  l o c a t e ~  at 0 . 0 7 7 ~  ( 0 . ~ 0 ~  behin?? a r r a n g e-  
rzen t  A) has been t e s t e 3  i n  f l i g l z t  ( s e e  r e f e r e n c e  4 )  on a 
wing w i t h  a f u l l - s p a n  s p l i t  f l a p  an$. was c o n s i d e r e d  sa t is-  
f a c t o r g  b;. t h e  t e s t  p i l o t s ,  Xven i n  t h e  p o s i t i o n  t e s t e d  
t he  p lug - txpe ,  s p o i l e r - s l o t  a i l e r o n  woulcl  be coas id-e re6  
s a t i s f a c t o r y  on z wing with a 3-11-span s p l i t  flap % E  t h e  
a i l e r o n s  were u p r i g g e ?  about  L O O  w ~ ~ e n  t h e  f l a p  v r a s  do-  
f l e c % e d *  
I n  o r S e r  t o  g i v e  s o g c  i n c ? i c a t i o n  of t h e  s t i c k - f o r c e  
c h a r a c t e r t s t i c s  o f  t h e  plug-type s p o i l e r - s l o t  z i l e r o n  011 
a n  a c t u a l  a i r p l a n e  i n s t a l l a t i o n ,  an aileron c o r L t r o 1  system 
was Ccsigiicd- an?  i t s  c h a r a c t e r i s t i c s  were e s t i n z t e i t  f o r  a 
t y p i c a l  p u r s u i t  a i r p l a n e ,  (TLese c o n p u t a t i o n s  can a l s o  be  
d i r c c t  7-9 co-aprred v i t h  t h e  c o u p u t s t i o n s  o f  t h e  c h a r a c t  o r -  
i s t i c s  or" o t n e r  l a t e r a l - c o n t 2 o l  a e v i c e s  for u s e  on  t k e  s a n e  
wicg w i t L  f u l l - s p a n  flays, as g i v e n  i n  r e f e r e a c e s  5 and 6 . )  
T h e  g e n ~ r ~ , l  a r r a n g e r e n t  o f  t h e  wing i s  shown i n  f i g u r e  11, 
A f u l l - s p a n  s l o t t e ?  flap o f  0 . 2 0 ~  i s  i n ? - i c a t e d  although t h e  
f l a p  0-1 t h e  wind- tunnel  uode!. was abou t  0 . 2 5 ~ ~  I t  was as- 
suiied %h?r,t a i l e r a n  c h a r a c t e r t s t i c s  a t  a g i v e n  f l a p  c?eflec-  
t i o z .  a ~ l a  l i f t  c o e f f i c i e n t  are i ndependen t  o f  flap chord  
ovei' t h e  railgo o f  f l a p  G ~ O ~ C ~ S  f r o L i  C . 2 0 ~  t o  0,30c ,  Each 
a i l e r o n  h a s  ~t spa2 o f  1x5 incF.es OT 0 ~ 5 ~ 4  b/2, as  s 3 o t m  i n  
f i g m e  2 1 ,  C r o s s  s e c t f o n s  at t h e  i n b o a r 2  and t h e  ou",board 
ends o f  t h e  a t l e r o l z s  arc s9ow:i i n  f i g u r e  1 2 ;  n o t i c e  t i la al- 
t e r i m t e  sugge s t i o i z a  f o r  plug c o n s t r v . c t i o n ,  In e i t h e r  2e- 
s i p : =  t.le r e 3 r  openin,-s o f  t l ic  v e n t s  slicmlt? be :.tittiin t;ce 
wing co- tour  w i th  t > e  n i l e r o n  f u l l  & o ~ m  anc? t2.e ugper  p i a t e  
s h o u l d  'se free t o  'oe bsLi t  u?, A schema%ic  Ciagram o f  t h e  
a i l e r o a  o p e r a t i n g  l i n k a g e  i s   show^ i n  f i g u r e  1 3 ;  t h e  angu- 
l a r  G e f l e c t i o n s  and t h e  r.ieciianica1 aCvautagea  o f  t h e  a i f e r -  
o n s  r e l a t i v e  t o  t h e  s t i c k  are shovn i n  f i g u r e  14. 
T J ~ ?  cocTuted- a,ero.Aq-nzriic c h a r c c t e r i s t i c s  o f  t,%e a i l e r -  
o n  syster- i  (sac f i S 4  I S)  a r e  >ase? .  on t h e  oiii:)le but  approx- 
irnzt.ely c o r r e c t  as r ;v .n>t lon  t h a t  thct roll irAg- arA& Cie pawing- 
moI.rent c c e f f i c i e ~ t s  ? u s  t o  t h e  ai7Lorons v a r y  a i r e c t  17 w i t h  
t > e  a i l e r o r ;  s p m ,  i .1 pel-cent o f  wing sei-.iispasn, azld w i t h  t h e  
d i s t a n c e  f r o "  t h e  a i l e r o n  a x l s  t o  t h e  aowns t rean  ec',ge o f  
t h e  t o p  f.qce, a, d t s t a n c e  a p T r o x i a a t e l y  p r o p o r t i o n a l  t o  t h e  
p r o j e c t i o n  a t  any give;? a i l e r o n  d e f l e c t i o n ,  i n  -percentago 
o f  t h e  wing c'lor2 a t  t h e  c i l e r o n .  The s e c t i o n  hinge z o n c n t  
was a s s u s e d  t o  vary d i r s c t l y  w i t h  t b e  wiEth o f  t h e  t o p  f a ce  
and- w i t h  t k z  d i s t a x c e  fron t h e  a i l e r o n  a 4 i s  t o  t h e  $-own- 
s t r e3 .a  e<.ge O S  the t o p  f a c e ;  t h i s  v a r i a t i o n  w a s i n d i c a t e d  by 
an anal:rsis of' t h e  hinge-rLonent  d a t a  o f  f i g u r e s  4, 5, ancl 
6. Tk-e a i l e r o c - c o n t r o l  c h a r a c t e r i s t i c s  p r e s e i i t e c  covor  t h e  
r ange  o f  l i f t  coe f f ' i c i ez l t s  e s t i n a t e d  f o r  t h e  wi2g i a  %Tie 
t u i l z e l .  ( S e e  A p p a r a t u s  a c d  Nethods  f o r  l i f t - c o e f f i c i e n l  
e s t i r a t i o c , )  T h i s  lift railge ~ 3 , s  -grobabI:T g r e a t e r  t h a n  
could. be  r e a l i z e d  02 t h e  a i r p l a n e ,  even i f  t h e  chord  o f  %>e 
s l o t t e c l  flap were i i icrez-se& t o  @,25c.  
T 5 e  a i l e r o n - c o a t r o l  c h a r a c t e r i s t i c s  G i v e r  i n  f i g u r e  
1 5  cay be C i r e c t l y  corJpare& w i t h  t h o s e  g i v e n  i n  r e f e r e l i c e s  
5 axil 6 Secause  t h e  s a c e  a i r p l a n e  v z s  assunec?. i n  t h e  t h r e e  
s e t s  o f  coKiputat ions.  Al though t h e  rnaxinux s t i c k  C e f l e c-  
t i o i l  i n  Cegrees  was slightly a l t e r a d ,  t 3 e  s t i c k  t r a v e l  i n  
i n c h e s  was t h e  s a ~ e .  A t  a l i f t  c o a f f i c i e n t  o f  0.17 w i t h  
t h e  s l o t t e d  f l a p  n e u t r a l ,  thhe s t i c k  f o r c e s  on t h e  s p o i l e r -  
8 
s l o t  a i l o r o n .  w6re e s t i m t s d  t o  be less t h a n  t h o s e  o f  t h e  
0 , l o c  y l a i n  a i l e z o n  f o r  r o l l i n g - n o u e n t  c o e f f i c i e n t s ,  Cl' , 
l o s s  t h a n  0 , 0 2 2 ;  at h i g h e r  v a l u e s  of t I i c  s p o i l e r -  
s l o t  a i l e r o n  has t h o  h i z h e r  s t i c k  f o r c e s ,  The s t i c k  f o r c e s  
due t o  tl..o s p o i l e r - s l o t  a i l e r o n  a p p e a r  t o  be EO h i g h c r  t h a n  
f o r  s y s t e r s  wi th  ?Ls.in a i l e r o r , s  or" about  0,15c ( s e e  refer- 
ence  6 )  p,i?d t h e s e  f o r c e s  nay be f u z t h c r  red-ucec? by B de- 
c r e a s e  in t h o  wiath o f  tBe plug; i f  x:ay be recallo:!  that 
oni: o f  t!ie o b j c c t i o i l s  t o  a t h i r - p l a t e  r e t r a c t a b l e  a i l e r o n  
was the  alciost c o x p l c t e  absence  o f  a e r o d y n a n i c  h i n g e  2 o n c n t  
( S e e  r e f e r e r i c e  4,) I t  shoul~. % e  p o i n t e d  o u t ,  Iiowever, that 
as  %!-.e s p o i l e r - s l o t  a i l e i o n  t h i c k n e s s  i s  r e d u c a a ,  t h e  s l o t  
w i d t h  i s  red-iaced anf. the, cievice besoi:es n o r a  n e a r l y  a r e-  
t r a c t a b l e  z i l e r o n ,  c$. d e v i c e  t4at wind- tunre l  t e s t s  have 
shorn. t o  be i ne f f e s l ;  i v a  at l o w  a i l o r o n  C c f l e c t i o n s .  Th ick-  
n e s s  v a r i a t i o - s  over  t l i c  raiige o f  "LE? ZJre.sent t e s t s  ( s e e  
fi:.;s. 4, 5 ,  ,a,,$ 6 )  $ i d  :lot S L O V  a-iy r e 2 E c t i o n  o f  a i l e r o n  
e f f e c t i v o r o s s  . t . i L t h  p l u g  t L i c k n e s s  ( o r  s l o t  tzriath) n t  1 0 7 ; ~  
O c f l e c t i o i i s ,  Xf t h c  devZce i s  t o  be ap l2 l ieb  t o  Ver37 l a r g e  
OS  v e r y  f a s t  p2irqlniAcs, acl?i t local  t e s t s  d~ o ~ l c l .  bo c-zde oil  
a i l e r o n s  deeisne-1 t o  gi7Je s;mll s t i c k  f o r c e s .  
E x c c n t  f o r  t ? e  sor,ovFA-,rtt h i g h  s t i c k  Torces i ~ t  l - i@ 
spccc., *,lie s p o i i a r - s l o t  a i l e r o n  a p y e a r s  t o  be aeroLycan5.c- 
ally a s  @ooC? o r  b e t t e r  iliac. any o f  t h e  > l a i n  and t h e  s l o t -  
l i w ,  a i l e r o n  coy-Akiaati o a s  Ciscusser l  i n  r e f e r e n c e  5 ,  Xechm- 
i c a l l y ,  : h e  s p o i l e r - s l o t  a i l e r o n  allows a= a i l e r o i l  l ir ,kag;c 
s y s t e n  f a r  si..ipler t % a x  nily d i s c u s s e a  111 rer^erer ,ce 5. T?le 
s t r u c t u r a l  c 'esign .lay p re se i i t  SOLIS pro3le!::s i i o t  encount  a r e d  
i n  t k e  i l es iga  of c o a v e n t i o c a l  t r a i l i n g - e C z e  d e v i c e s ,  but 
tha c i f f i c u l t i e s  8-9 i i o t  appea r  t o  be serious. 
E e c a u - s o  thc ylug- type  a i l e r o n  :iust d i s p l a c e  sorre aLr 
froi-:, t k e  s l o t  iil x:ovicg  8-ovnwarc? f r o n  n e u t r a l ,  i t s  a c t i o n  
i s  sii..iIar t o  tLat o f  a v i s c o u s  dazpc r  o r  Cashpot .  There-  
f o r e ,  i t  -a ; r  S o  inncren t lq j .  frc3c of a i l c r o i ' t  f l u t t c r ,  U n t i l  
f l i<;Lt  t e s t s  sliow it t c  50 un- i eces sa ry ,  h o w o ~ e r ,  nass b a l-  
a r ~ c i  .ii; i s  recozrend-e?  . 
T h 3  ?'anger o f  i c i n G  o f  t h ~  s p o i l e r - s l o t  a i l e r o n  has 
been voice i t  as ai? o b j e c t i o x ,  If e l l o  clevice p r o v e s  t o  bi? 
otlzorwise a c c e l i t a b l c ,  hoyevc r ,  i t  i s  f e l t  %kat i t  - ~ a y  be 
r:a?!e r e a s o n a b l y  free o f  any icing hazarc? by  t h c  a p p l i c a t i o n  
o f  h e a t  o r  o f  c'e-ici:n;. f l u i d  o r  by ?alciag so.Le or" tils ai-  
l o r o n  p a r t s  o f  KLexi"u1o i- .zaterisl  s o  t k a t  t h e  i c e  w i l l -  b e  




The r e s u l t s  o f  t h i s  i n v e s t i 4 ; a t i o n  i n d i c a t e  t h a t  n 
s p o i l e r - s l o t  a i l e r o n  w i l l  p r o v i d e  s a t i s f a c t o r y  lateral 
c o n t r o l  on a i r p l a n e s  equipped w i t h  f u l l- s p a n  s l o t t e d  f l a p s .  
BecRusc +,he a i l e r o n  r e q a i r e s  i1o i a i g e  s l o t s  o r  open ings  i n  
t!io wing when i t  i s  i n  t h e  a o u t r a l  p o s i t i o n ,  i t  s h o u l d  bo  
a c c o p t a b l e  f o r  u s e  or? nodcrn h igh -pc r fo rcance  a l r p l - n  ,,,e s . 
The s p o i l e r - s l o t  a i i e r o c  l o c a t e d  as t e s t c d  was c o n s i d e r e &  
u n s a t i s f a c t o r y  f o r  u s e  on a wing w i t h  c3 f u l l- s p a n  s p l i t  
f l a p  u n l e s s  %hc a i l e r o n  i s  u p r i g z c d  when t h e  f l a p  i s  dc- 
f l c c t c d ,  tu% i t  na;i- be s s t i s f a s t o r p  when l o c a t e d  n e a r e r  
t h e  t r a i l i n s  odge, F l i c k t  t e s t s  o f  t h e  dev ice  on an a i r-  
p l a n e  with a f u l l- s p a n  s i o t t e  d flap are reconnonded.  
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Figure 11.- Wing arrangement of the spoiler-slot aileroa eontrol 









































Figure 14,- $poiler-slot aileron-control linkage chracter- 
istics f o r  a pursuit-type airplane, Effective stick 
length,2f inches; maximum stick deflection? 24O, 
NACA Fig. 15 
